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Sena! Nu.nii>cr 1 0/079,472 

V. SUMMARY OF CLAIMEO SiiBJECT MAT l ER 

niit\f I o\,s.( ^ .Kv^fu d.^wic UmF n, ,\ chuMvd jvc^f^ K pn^sidvXi ;jiKf .x fuw (*Mde ho--"?' 
p,>ji^ par.igraph 

r I i. vv'.si 'h le ^.livt u sub^aait 1*^ a riuuieliivi o^yt.' iavof 25 tora^iod -.'U ilk- subsirafc j 
s{i v.o\ intndu ^»MT^>t sunau' .rf\<.f ^5 }bn>5t.'d ^m die ainnt;Un<f oxjdij Lj\e{\ h hltsirkin^^ 

ot sdKO . oivKkk , < iR fiK- oK\u\ide 4i) i^ i oiYsermt^sialh poi\t r> «>ralitnr sdioo.",. i uo^\ $j 
as ^h>'\;^i^KOfi i>c siLt.it. o ids. iHtside ^ixidc-silicofi Mack iit iha -nlkon subsu'iiie, 
UjuiiOiii))> i'Sjds*, snnidc. hiockia^ o.Kide and piii>sdici>u ga^c ckvuod^' gi^e ihi' SOSOS 

device ns siaiiie, 

I ' p;i'i;un!i « \i.>\oS ox-ftt^'^rv ocli, a dijrgc io tspplsod i:ic so o'cOS:(tL-^. \ 
c?i;5ni\-i iXYkU' ibfoi5 i?'! dif sUiciMi sub<:tfa?o. and diargo ciurkw, tor oxjanpk- cLvuons, 
.jiTt.' atu.iu'ied Jroi^i ihe jilk'on sui-iMfjite lov^afd die £;ait: ekn.iKx1e CiUirij!,* catritrr ui.f> be 

' ^ v' 1 . ' ! ' i > o ij . ,y i Vi-- ,> 0 I <.>■! i p5 l< ^ - S! 

x'.ii! \ ' !i I oi I. , < \ " V I inn hu>> \ k h \ I \ 

{Ik }^:\k^ <:kiu^\k\ and asv rtappcJ ihc idftkic b\ci ^\ l50>i okn^^Jt b ^i.'UK>\t.\l Uvm the 



X l\ (St p s!. 5s<.k iU)» Uouns ii Mh x-> ^ K U fv t I X 

5 I 1! i! ! V ) JlCU n 1 

5 k ill J (, auf 1 i SuSOS ni n tcl Invin ojdUiUvt. ^.ju^ r 

i 1 n )f 1 i I I li N f i 

u 1 ! I i ■i\ t i u\ faith It! ^ ^ ■'^ 

\ > > <. to Mnoi) I |x 1 1 f H oj b \scd »vu on cvl /ofts < num fv 
L:eii, ii r ! i ik fi lih i i or 

i im 1 i S n t ! « iwu \ ^oxih i i hi i. 5 

polysiiicos? floatiiig g;ue) while the SONOS vneniory ceil sjores charge ■o a dielecvric 

i \ hi t f (,> Tn. nuoN U stjnouTv ht UKLIi\i.i i SOsOS<,!.l U is 

1) » s in > U t d(,iv. nn fo i \ i pit ih tum-i hi i\kK Jbaun 

i. tnn f nrs i >i h snh I >i.N.»K^ St"} .ol'- vUO k>s sus^Cj-^- ^ - 
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Senal Number i0/!;79,472 

Shv ;m ' -aid mnlu\ o; t-;o U!niX'!ii3\' i^^iil i^xcs) nnpott ,\; it- J\- 
[WUnnv.mK.^ o\ '>x SONC^S !.ie\jcc This b>er uiuM thin c-iWJgh ro :iU>)Vs f.kvuons 

• iH:nei :xi 50SP u wtst^n the toil ig being pix>gr»sjnnK'd, Hit nmu h^iw '.ers t\-v\ dellvL-: to 

:sK"jw>,N .via { . •.>Oil u'^ u; ih^ i.aw>c-uy;. i'\Kk\ i!uiuca;i^ ficj'u'^u-.'ii o. <.,) oxtjo 
mcrinal oMdaiHHi of jh*; ^^sUcon ?ub?!raie. In the prexctU hi\eiiiion, a Si >NOS niiuiosv uCsl 
!? iau,J:ra in vxhich the tunuelina f^xidc formcvl h> a pn^ce^s of m siiu sh'ans ;ieth-r{uiv?i s»r 
IS.SG. ThuHU'h K f!!ciik\i V. \cj ■> --Ian I n ksUo a\s.~ he \>aik' 

lni)q)or:-J-. va t In an-J 35 p<>a,utj h> IFI -jhui f-laj (y.iis-.hto? > Ue\30-/N 
r lium ::t> *«{d ?b provide that a polvM'icim la\or i? prowded, whUc clau"ns 3b asKl 
pro^i-ie tiKU a ]n'!\siljc<m clwuuel re^ksn i^ provided in ilsruiin^ a S()Nt.>S (,;>iHcon-(.>Xidt' 

Hhf fir-ox K \'!U!0^ -^l' a ^-^s ' i>ii "0 nioo iJ' r ■ !->iO'>>s 

vjiX^ ,-^-'s 5.:nl$ti puv-idi.' dui a fim oxiUo hwr 5f> is p}i'\ide-J <,>a Uk- poK'-duon i-\ a-i in- 
era! .stoaui iit.'uofation {'^«•Je^^ tpage ! K ixuaf?rKphs 3o ."^8). and ibat ,'i ^sUcok nsU'idt.' h\a l<^ 
piwudt-d -Jii die tu\{ o\i«.ie laytT a second (>\ivk' bvei pr^)vkled tiu {hi.' siiics^n hv.tkk 
hyar (p&pi n). paragraph 33). 

• iKUcd sii a -.oiixeiitiv^ral .M)Ni.>.S rtanM>!:i-! -^as hi tUfA stauc^md'^cioi 
n-an.^i.-it-:.^! fro ilirr.i'.u^l roCion is foftnod hi a '•;uastMU.\ wb.ich i? Tionn;:^]) a 
r-i -HiH r\ sudiinf .ssUov^n xvak^f , The wafer i> <.*ssemi4Uy a S's gk crysia! of $-ilh.i>r' hov nion 
ap|'l.>.a;\M s. so .-t !r> uovS xsca'jiio ^>h>-oi! Jo-^it J-\^ \\ t ! o v. o- s> jvois b 

• i^po \-.J, it i'3 n]\v,al.\ p-)S}0}-.vi.tU!iso. ha^i-ii; oi<!i!-> 'ai- o.o ;k ; o. s\t^ -.i.vius 

o<.>urJ 0 jcs i\\tvvu' ^nr Toxv '><)1- jju *oi ' lo^xc! d.v i,os 
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\ \ \ } ^ \ « ^ ' Ui ^ I ( t K (1 d I •> N 

{ 11 Ihi } s hnn i u < in xhin m uip^Mja h\s i \ -a t in 

TBonocry^Uilline xvater sBbsirare. called a ^^j/^?,/?/^ nmsiMor (TFT). A SONOS nisjTior 

j iL \ i \ I \ JU i { )0 \ i. I i i c S i 

) iUHuui J \s Jh.. 1 1.0 > nbk K*. M mid moiui j \lm sm n \ h 
InS inn I f( yu u u i 1 nn > ff i j 
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■So.'usl Niuvibcr I iV(j7'>.473 

M <.ROi M»\oi RMH H(>^ io m mM} \ \ \ l> (>\ %fn M 

^ \ !m i m' 0 ^^ t iti i h ^ {Mi i I ^ 

use iOa(e). 



Serial Nwaber 10/079.472 

viuind uio )u s! ! a s s n ! is 

' nes nn pui p <> v j st] >.< f (.^ x i ^ i si f\>^<. a 'n.ju 
^^tonl ivKit ^« ciohIk i on fui iJt \si u\ ih k». is S{>\OS0i. i*. 

Ih VI n *n viki'! oi fiiv wi !,L\jh dvl vcm i: v an. i' rsi »\iv<, 
\ i I St 1 1 In } O' L' ui! u^iHi iik M k ) uu < nl V 

tsrs o u I X t h V (.>Uvl omJc i i\ti IS nrn 0.1 (> , h m k { H 1 I h 
* is n tK hit, Ik htioft. u i> hi-, is ^ ^.^m i^^m s si v,k h i oi i, t is 

Ui 1 sju nti ii> is v( ih (.hint)*,! icioo 1^ xi 5 h vr \ a U U nli »s 
' <. ! 1. H> m ■'2 o{ fii. o li< Ujx li ;.f a! i nti put ) ! 

V ( V 51 u lo ihihii iR^j? ntt<.hx! vLl oxid Lu-. 2S . uo^i\ a ci ^2 
i-u I s io vi 5 I t I si utvl so,ond *«Md<. a o sc ami Uk dis«.iosu oi HtU % 

}k> ^^, s !„L;. La «5\c} "'5< V lilkSUv tin? I. f-^l -tt-J.s ^jj ,,0 niu di, l\ 'I 

\ I ! M if s,.-! ulU I i ! i I s 

> IS I o I r I. n u n il ^wl i ? ^ < js. j i 

n 0 Ik ( iiKs " I > ^h^ h hsci ^(i <„ompHscs i s.o'n>)OSxt>. a i <.dy. u \ prot'si i f 
?\i ' nor (. I I ri, f 1 1 lis It I ^sl 0 (ir xvl' t.^ IS xhi likJ,.L\iiK m tui I il s 
1 1 1 K il ii h \ i i 1 )« f ! s ! 5 s 

i OM,^ s ,u I i s ic in ijt t 1 r. ' <. I I 

$ k > is ,.s } { 1 u M t. n»ii !v >^ * V iU!' !. n ut I St I 51)5 U\(^ 
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5 t \ il \ Olil t N »i ) ^ I 

; f 1 V r V i i i S ! i ^ ' 1 n 5i.k t < ti ^ 

i >^ not vcnsKttUJ^ o K i Is i'h k ukUk i c usikn^ 

n r ]1 iH ih 111 k\^l > u H «! i fu ^ 

1.1. I lu n o'* nni il Uv. > u v \ o tut Ots -^kd ^ i } tU u mI k 
}. I 5 h^v ksviihtd a-> i s K m nifrkie knv.t i 'kiudt. < hi-^h k <.^ji-k%.u i. 
t nsponem <>unii.KTU H s ■> it i,nul v'- luc us fur v-Uum lu ''iiik <.mKkini «. or H ilin 

il h^v h h 1 ! \ iW f \ ! a ! 

V r dnsv { s il ci I t ) hi U K \ ill \> r i s | s u 

p hsa "'OoJ Hill a i i.^^ uu* xtivUinK U dv^uiKd a urn nu ik !n i 
lil Ri- Sfc u> S uux-iiNipa t "sM* nt ti > Jt!i.v.lKtu ^1 A t v 



j j, ) s I. \ ^ n *■;.<. s a ! (.>N K i 

? h i in n n 5 s I [ 

i suiij ij c J u i ) !i ) i! HI wii i itt. <.! s 
TiKH I J ' f e!(.<. I dc V.V. j-uU vji nsJv^Oiis idt<.t.$u o ?h \\ iK jus 
!'uci-. toi e\.ur>plo> uJasnoa lo ihk chamci -t ^ o and s\kk hu uoi \^iUMn it..HvC.^ 
them. 

n i xnt ^ \ h an u i in 0 1 n u s h I 

{ ihu s t adtp dt I ui ^ d pv. ! 1 1 P 1"' md i j jvM t ijwu24 ) 
xvirnarawn. 

B < tins )d \u Noi VnCivJp-Ud Us l\ilh\^U^ i\ 

15 Kk I \ n >. Ikx t. m\ f p o\ | *h ibum \ s j.iO\id n' i fn >\ d hi. 

1 1! Hi inj t n p I 1 ? 

i u {a \d i ^ f iUf} I ( \ «. 1^1. ni^ \jk 5 toub m! t ni t. 
i u t I Kt SONG'S s aau !,\n d % ( U li -j-^ i 

M <. ^ vh ^ ^< iXi4 h Isnnu i niU^ U i^Usdi orb u ijj \ i i 

S u n i ukk\ a \n I ( ! ! n 

u < 1 jK>inM :» M \ iu J ik! k u j to ukd \ lS'-( ) s 

} u i V )} n -I ( f j "* > t u iiiU h 



In R!L^i5is> nn J<s .v\a bo torn o* p^^o ■> o* i^it I t t ]ot 5 »< ti ^ \^.. ^or 

says; 

H), lisKS ... 

la > s iic I u> t> " J' . s . t ' 0 

floating gats 44 of Fig. 3. 

KailiyaJ et al. teach two separate embodiments, each using the dietetric >^xack 
,u iuJu\ c hM^! K 0 t loi J . sunt u> su^i si' i 1 » .»> « 

thNOu^sixl hi Secrujji A, is shosvn hi Fig, L aad i^. a SUNOS (.iovicc haviuj; ;t? channel 
regir>Ji formed In a xnunocrysiallinc silicon substrate 16. .Since the chaxinel region is fornit-d 
m xmmocrysulVim silicon, ii JS not. a T.FT device, 

ji 'vx..L'^ >l'.-;v.nbe-,i in ihc t-mnnuir}. ol the insention ihat an ahcjn ao ivfv oi nscnb'ry 
cell, vshiv-b is not n SOHOS mfnuwy cell, is a lloaling gate nieniory ccli. h will he- recalled 
that a tloating gait.< mt-moiy cell, like a SONGS meirsory i.ell, operates by siori^g charge, 
f v»i ? 0 SO\OS m u ^rs te!l hi\\tNe5 m r tioat. .^ait mniOP Juri ss 
^fUv ii t. n i ^i;, J I iU isi ( t t) ! i. 

J \ J N i -^i u\, rl ill . .i i.<,s »5 N u u 'i 1 tJ 4 h> 
V iii h' s ^ uJb 

l<\hib { \ Hu ei IX V < < ssU j h.o^v jn v altd M)\«.^S Nenvohi e 

'^'1 Uv.ix IX Jvv-^ ( J< 1 <>s th ^ V- <i r } !5 \ u 



« H! viXvitoi J\t 1 uM .untiil V. )K Ukm tic^m Son \ ^■.t ki 

aate as used \n the art: 

li li (^J^a^t- MONOS I il ■>m Ui. ii- s ! ttst ^ 
i ^ < ill ^) tl M %OS on^.\^t<.^ mIk 

! ) S sh.t ^ V in$ Ji o vf !« i Hi 

IiwiH xM»taitdihurhv"la\t{'>of.uoKvuuo =i SONO^ cd rt Uo iUlw^ bo mji 

H ( N ^ \ [ )\ i n n K hK L u X i ^ \ \ t\ u 

I i.u,-i.Uv is r o i u ^. x^' o Mil ■'ih-on untiiid ^<^^n^^ j iant\d om ^ t 
it, '<t<..v>r?(> Uf\ kuu u> >n>a k-h^r^i;. <. h!v\ kn5<f t>\ui auU a >o ^SxJh,%mi ^v*c doiaXiO 

I I n i '"'''^ OS t i!i f i i ni ^ ^ i 

1 >u V o^n^ <il 'K siLi-on vubs iAtc '-i^ lunn^-K « ox'u H < . J Poahx a ^ 44 
^.Kivi' <,lujjLi. ^4 u<x!t> ^^^ ' ui I ig 2) i«. stoied this h am:, auc U ( o 

gate eieclrtxle 4^.. 



; - u ! ! ' h „t s^t di n m s 

U t ^) i i h„ ! !s h» ' - <5d lii V 

hf)Hn M sud u huh K diJe^si ^ 1 J\t{ "^0 

1 ho t nhoL aiwm oi ! h ucmj irfxef^^-^ >lf ani ^2 ^^h^.^ ixeu^u vi 

U ! 1 ' * ! 5 ' vT} ro* Its i 1 ^ if ! 

d V i >. •^h sU'fU tloah'isi ^ ?(. tPNf\l lit \* 

I ^ ' l\ \ t f i u in; i 

I Ksilv<> *1 a 4-> f» S d s t < k I suuk i,hl}! I si Kf. 

J 1 5 2n « .a\u '^0 UKludt'a ^ik k dsv^tU k ' ..ej^al < >d < n!,*.* ni d» U\e ^2 'n 
itpiNvii-d } iitj iO {vi<„i,tmu ai 20 iiailxaUn . "-s 

R JtLO Ki < J if v< (iK£p>i«K « nv Kit it! 

<\ ^ \ ■'S is rtt iStd nj iMH 5siK<.5 Uit tl 

M. 1 ! i 1 i M.h '} *3 sx fH£j ivt K ^.p^^r^ lu ■>! m >a 
si t < 4 U » '^k s't » r < I.jon 

R k t i „ ^ ^rain^Ltal . viU lx» tun. a i it IviuuU u* r dJ 
sOv\ is ds^v^v I ^s'^.'^ f H i <uj " ot boi mtHX >si ij\ s'iKi>i id {<if it o 
it k ' t "* I I ? iio St, 2 t a ? 5 ' n d <! i 

> 1 \ ' >s' t 1 a J ' i s ( « xi . 

,( iiiv i s V. bui ^! ii ' \ > hi w hs hiJi U KXifiO>HJ\0 



^ 1 i \ t : 

1 l\ \ \ i \l mi ^ < c i ! 
device is tm a Mjk05> aevice. 

II I ! } 

Ml H ii ! k ^ I o h\ h ^< \ ^ 

t^vit 1 I. d u h 'j ihJ>ii<, a s t1:«rt?^!a: )k d<vj !. not S0\0^ 
k ib (. i<< »K> Is I bvu c HUU\5vt}i oi *^0\0^ d^ jvtviUiUt \im i\ 
iM 3 1 1 1 r ti 

W 11 ) tn i j i i uii ill ft. { ill J f 

S< ikd I u i J V K\5h I T i/j J f >/ noi ^ M \<sil «, m ti &t n„ ut lu I u 1 1 
miMvaietiil. 

1 ^> 1 ""^ n N 1 n\ If 1 I 

<. \ » I nir Kie i\ iuju \ii u i m l * ksuc i i <. h k 

r 1 \ C Hi \ iiH { tst ■'pi.*, t Oh tix t i s ii. r 

tfb lkpi^\jiv,oi tlx V 1 uU h^<>ns ifH-oUKt^xth i 5 st JVkk i\ti J 
i n il f ih 5 fil 1 n i s 

I a u i !. u t K t t i i 11 s ?fl \ms v.nm \ t mn \ 

i i mi tiui II II i aal ialuUvs It si Mkli\^i I i ih \ d 

s>.^ u \ik n \ m ut $ I 

V 5 5 j f ^ i 1 I h r a n 1ft 
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Serial Niuuber !0/07y.472 

Vill. CLAIMS AFFEi^PIX 

9 \ r. c 1 to iiakrisa so\C)*^ Uv."* . c> 'si^mnjuii 
provsdma; a chamsei reaiom 

ji^<nK'*{nj a nss* oxide Lner on lUe dianns.'! esrsoo h\ a i >>> i^sas v-toaju 

eencraaon process; 
puiXiOiiU ^ iuut>L v.i^er on Uk Urs. j^-^Kk u^xd 

{jrov.i. > „ » t. J <>s V 0 la^ ... o 1 l>e s hs.cn r.n.dc Uxcj, \xi;XK*?o flic 

• v'^ivv. u. a sOMAJv-vivO 

10-1. 1. {Cancelled) 

12. The method of claim 9,. x^'herein ihs kv>smi steam gsrieratioivpiQcess is ix^rformed at a 
temperamre raiding' from aboiu 750 to about lOSO degrees Celsius. 

13. The xnethod of claim 9. wherein the i^i-ste steam gsiisraiioii process is pey:}bn«ed at a 
pressure ranging fmm. abouie 100 miUiierr to about 760 twr. 

14. The method of claim 9, wisereia ilse in^siai steam paeratiori process is perferfned ftjr a 
HHv ^iij-YsoL^'in !o -k|\-\ .^r .>v\'o sr^ ll•e^^ ^v:;i^out 10 to ainnif 200 anastfoms. 

i.l n ot. u iux " i it!. . t ' !iuj!,<iLiA Lt oxidv, hvO a ! J i \klo 
aanosplTicre. 

1443. CCariiiciled or withdrawn) 

;>4 K'i(,'5\fA >.o\ 0! <- I vc bv » nujr»>,i uvipi\7n^: 
y)vovidijJ)i a channel jx;gion; 

pa>viding a first 4>xidc layer on the channel region b> an in-Nttu srcani 

generation process ; 
pro\idh-5g a <;i[icon nitriile layer on the Orst o.xidu- laycs; aud 
r>n.(X"iding a seoood rsxide iax'er on viie vMkoix niuiilc layer \\her4.'in the devke 

is; a SONDS seniicojidueror device. 



provldiisg 8 flrsi oxide Isyer on the poiysUkoii layer by a.n in-*;isu 

genera lion process: 
pfovidhig a silicon nitride layer on the fu'st osiide layer; and 
providing a second oxide layer on the «ii{ieori nitride layer vAereiri die (.kvice 

is. s SONOS ssmiconduetor dsviec, 

27-35, iCmmihi or. wiUidraw.rO 

36. A me&od for making a SONOS devices: cornpfising; 

pmviding a poly<iili.eQ« charmel .F8g.iori; 

providing a fim oxide layer in contact -with the polysilicmi channel region by 
an i«-sim sceaai getieraiion process; 
khnc silicou iiitride Uivor hi coatact \sitl^ die fii?L uxiUt.- u \0f , aud 
providing a second oslde layer iir coniact wiih the siUcOir aitdde layer, 

37, A aOBOts seraimnducti&r device made by a method compri-^iBg; 

providing a poiysilicon chafuiel reijioss; 

providiui; a ilsxi ^;,sKk- ; r, :i 'm ^- vIUk! vvifh iiiC polvsilicon ehannd region by 

aa iivsiiu. steaiTi generauon process; 
provldiBg a siiicoii nitride layer if\ contact with die fif,si oxide layer; rivid 
pnA'idhig ,i Si.-cond oxide .layer m couufcs \vid- Ibe sjii-.t^ss nhride l;:>cr, 

\^ \n " (.^r o> V ! uu>nL i N(>\<>S v> ni v^nou o <.e iv. nt.k > \ ><. !k<. 
eomprising: 

providmg a fjoiysilicrm layer; 

providing a Tirss. o.xlde layer it^ conjacc widi the polv.silicon lavc-r i.>y an in- 
sm sieam geaeradors process; 



v,Ui;rciu iht.' do^ icc b a SONXKS jcjnscoixlucfor device. 



M2. {Gsnce!bd:0r withdrawn) 



ExMbI* A 



Design Coiisiclenitioiis in Scaled SOXOS 
Noiivolafile ;\Ieiiiiory Devices 

i;.ai5kang B« sod Msrv i« H. Whits 



!5ms> his bcejj aSsSra*.-, -j hB' cho^ilaijts for Poly- 
OxKis>N!tTide-O^S(k-!>dfCoa (SOHOS) restfardi- 
sjrstv We: dessajba ms progtm jh ibe ilssign md 
scaSsg of SOKOS 808v<jjisi jte memory devie^. 
-9V + 1 OY (Ims) progransmable SONOS Uevbss 
msuisng 10 years, sxttefstion thns ai^sj 10^ 
Brssfc'WnJi; l yol- K^"<.' have beeu developed 
Sticcess-iliSiy. P-e^jtersutn -isne,-!!, ppHeJ f« 
SDN0S dsvice f&hrK.-stxow tm the fsiyt iimtr^ 
jmproves tbs c^ichsrance cha5a£:tc^K^^'^ hcSicr 

la ikis pajjcr; we dciicrjlse scidmg ci^nsuIeraSioas 
aad pKKsss sjpiiimssstjpij ^oTig wish ^spsiisj^afs 
sisd d!88tsspE«msHoa resalts. 
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NcTct g<rB<rfa!sof! h'pf. Ucjx<!ity etec(rica?ivercss;5i>le 

ff?t|U)ss ~,\!:sh::. !-e,..ce5s ^i'lO'' .-r.5^^■;^^r.f« 
low progKimsjimg vj;!tases 5-tOV [1] f2iYrvo 
ba;uc ;;,p?.s ;.f E5P^N'\\!<. .^v . .»,eh', the 

SONGS i3-4|l r!3e noatmg gafe device stojes 

band, 3ssd ths SGK'OS ri^tsri dscis^'c in s>pa:>>>;{y 
[■SoJaJed th^ep kvp? in-s;;? iFsg, !>, 



12 nnx) tijsrifjd (si She ihi!Us,s> <<ste !5pe 

however, tibi hish 'sK'ltura rcqs^hjn-«jt f5) hsJ 
created a rsSabiHty ts&sc, ss it h.is cxscesded the 
voJtags limits a" scaled {"\fOS .l';\ij"es 
JObJecfeic hot camcs dc'}>ra<:'.3t}(>n, pijncli- {Isrowsth 
iava{a«ch» ef&cts ,ind Yiglx so\t^g& yjnciim 
br<j,\&«Jown {s>-S] h:i5Jt i} o Syseral scslbg to 
nchi(^\'c h%h <fe«sjtv, Ihe c{<«> era ixvst ih« b&s 
of fee CHtirs: mewusy i.hcsr>>e tfsrough a sasgie 
d^'fcct !« Ote tonsiel kk-Mc, hmitx vextscal scaiisg 
.sisd low?r {Kogramming yoltsges [21 -ivhjch 

arrive- eftleimcv. 




Fig i, Fi;ut!T5g gate tjicmoty atsd floatfag tj^p 



"f"h« 3esn.!f!il for low po\?i,er, low voStcsgg 

ci <.u5t Jji,KTer5 coa'^siicr SONOS for low 
vo!t<s,«;i;, hi-i? L'fss!-> E>F-PROK5\. Fa > isictsvcs- 
t50\ for th? x-ivt 'Hi -.u SONi'iS ha In \a¥ 

srase^vrite t,>\-IsRg, }t-;5jst-j»«.e \j i,ul!>;i.sJT3, cird 
CTKipatibsllsy with high density ic^kd 0!C H 

EEPROM hiss been rssanuf^cftitsd xs.,jrc 0 « .isn 

n «1 w th mi slectea v. r i 1 a > i v 5, ri. . ! 
01 ajid bsyo!5.d|: .ldJ, 

held X'-.v^-.^- 010 '>niS> ,'3^,C(- 

!m .'?<i^r'<\i xi ssn ifiplsi' level i^eij 
i >.;hAi>:.-s-,y [L-^ in -Lss n St 'KOS tt o>t?sj^srts 



uiv>r, ciffs-r Jhs f>,:h:re -^f rscotdtguf ability ks a 
i'VGA ds-vjce. .S(";NC}S NVSMs sje capal>le of a 
cdl ■.ihx': .vhi.r^- F - fc5t«rs sise) {13}. 

c\3sr!e.n.5 ris. dkixt nxi-m.hrsg vvsih jsiis charge 
ir;aj5|>:irig and s tirsnsatic i!i£;rc<s« m t;!3.arge-t;>. 
bre&fcdowa, Qg(>, ~-?nih vsmal oxide tlsicknes^ ifr>s 

■he nxids. TIjus, h;:v; th« p<;»;;.'>>lnii:Y <u' ihii? 

sonvB5s*2s memory sppfetiGsis, as dj«c«ss«d 

scaSag iJj8 prografsjinfjsg -volteges of BONOS 
ikfvkxs wife smpm-ved jeSewtion chsrsctmsSics 
Btxicier ex{«3d«d ara<;e/unfe cycHtig st elevated 
tempsraftJres, MbaKi! -md Kiijxssgaki reported a 
SO^'IOS devitie vvjth 10-y&« date n-.'xntion .sR ^- 
10' staseAvrite i;>t;k;s with ptGfgcsxxnmmg \'oit;jgc 
-1 1 V f t3V {Istjs) 116). R«u;!Rg«r s? si. proposed 
a p-^ gsts SONOS stiyrfurc [17| to b-jj.novc: erasa 
spsjed m4 data iXJieisJion tijns. L!b;;s;b set a?. [.IS], 
Ftetsch 3Jid Wldte Yaxig ;jHd Whk« (.:>d| 
have dssciissed a 5-SV F.liPROM ceU for high 
d-5^.::fty NVSM. ~ . 

R<.ce.Btiy, ws b..-!ve cxptorcd she -soiling of IfW 
voltage, toiig retcisttoa SONOS Hscj»x!s:y devices, 
SONOS dcvkcs fahricased ;s4 Lch!;oj!i IJ^iverysty 
!shs;j-w a O.SY dstfec.tess wjfsdcjw aS 10-year di-:tiii 
retendoKS aJJer 10'' ersse/wmte sjycks at SS°C 
witb progKattKJisng voifage - SV: *i{>V (l5m> We 
■will desit^ibe scslkg «jid s^tjmiKatioa m 

cIsaractesrissatiKja rssults «{■« descrifeed m Se«^tKis 

2, SCALING COr^SIDlKATIOHS 
- PROCESS OFIMZATION- 

rhr^' \Oj.K.,jchc< i!a.? Uci devubsd in th«. 
i\k'xa:-.i!C ■>■> ^-Hf,::!' ;;ood tib-jcs Vtwerti speed, 
rrt-.--r.!joi!s ciesj eudur.uK i'-iit; xp^ioj-Ji, !&kc:« by 
Toy a'ld ■'.VhiK' -J^^"-" ^^>«? mfrids 

ti^iok'-X ^^hsch uKfCM; ihe iBcmoiy wstsdow 

Mid :;?<; atjs^v.isit ,4" c{::irg« irvipped at 
nifriUoljiocksti^ cxtde ssit«f3c« is i!x:r«js«d too. 
Asiothsj- approach, tnksn by Mitxasjsi aad 
Ki^niigaki {I5j, sjid DeiUn al f221, uass a sSim 

i!5Kx.iiv>Tj oi\'h3!X«= iVoift shs na;<;<, viisd scale tha 
idJrio-s th<f tiraf The <.'fc 



;sppr«ach, mvfissjgated by VViSHams et aL [23J 
v^nd Kapoor cl at- (24], etspioyed m oxysxiSxkls 
insfead of t{s8 stfeiiics ass she storage, medsxiss?, 
■bfic^jiJSB She oxysijjklt; Hijo b>;s3 a .-srnaner ;.T,jp 
deriijily ;srsd hs:tjire a stssailc-f C;wk;!n;)i;x rep\:lsii:<Tx 
b<.-Uv«:!j the Srappsd chsrgt's. Iljc mim-i oxide 
cass be nisThe.' scaled wiih or wifeout a bksckjri" 
o-side. in xd-;!;;.-:;, ihi and White \2S] have 
preiKnied a c -;!;-?-! channel devics iii'ssead of ri 
surface; chaaatd xiiovscs to redv.cs back iiiJKsehr.g, 
'Use work prsjeated m ihjs p;jpsr is bssc-d on 
tlis first appmach, namely, mcotpfttxising tJie 
optimisation sf ths tttjjsel oxide fhickiisss [26!. 
Fear ^lOV lawgrsrss/e^s voltages, a iO nsi 
effectm: gate dJ^lssctnc tlacksicss is praf«tT«d so 
gtMsrsiste© i«j sJfXtnc field for jModjHsd ?qw\^~ 
Nordibe.!?B fuissehrii? \27l A 2.0 ns^Bil oxide 
r:nd ihkkcf !d<>^l.-ri,- ^w.id« (5.5 fijis) m« >as»d fc* 
^ood rstej.iti.,>a ajid swhsbdity coHsideratioiis. 
The ^cjlinf; i^f dr:; K^mhi \iiycr i.'i ls3S«d 0« th« 
coBStam o\i.ie cicc uic: feld theory, -Sfhisxls 

■w« ■wslJ J-i.id ;n Seriii^ti 4 vvjth s casitpadasi of 
idiftsa-ctij dcssga approacJjes, 

X3 Fm-m OptimiKstSijj* . 

in out scsling, a Sxsip tich, sificosi rsstjidss fwith a 
^5iCl,Hj; NH, 5aii-:> cf ny.i) i<j ixccessary, as 
sdLoB aiixiJc sifjvu'i deposited with high SiC}>ih. 
;NH} gjjs Oow ratios show Issgh trap dmsil!«<\ 
■wj5id> faciKtate fast pnmmmmmg speed |2H|,' 
Tssag «t sL [291 ccsxductssl AFM :.tadie.s on 
silicoa ai-bidif fjlsris, which were dq.>oxjtKd at 
diiSssssst teji^jeratarss. Their studies r«v«akd 
6S0*C as the optiitHtsij tsmpwate for LPCVD 
■ssifeide depos^io-a for a iixiHirmiffl syrface 
xTOjghaess with insprovcd jriexsiorji' reieatios)^ 
.M!r::ji!i{ c.t :d. dcnnnnilt&tid LI'CVD fot^i'id 
blocking o.xidu-a inxpsrove.tl <.ht'<i iv.U-tii'on 
di-asaadcsliy [IS]. la addsii<-.!v sissffid o^xides 
jj^tm-si >ii h\^;;5 !c»ipor;sJ!xfi% .-xis bit r.s!pr5,vf 
pertorn>.-!iice axsd reHrsbsliSy 130]. Supeu-.^r rsfen- 
tioa and sjidisranca ars obtcsirisd She a^e oi a 

coxsvKJiJjosisl ;:mgte-\vn.ll fiSTnacs; f.?.?J, 

We liave perfftrmed h'gii tajTsporjst-srs (70Q"C 
4 hcsias) deusssrium asmesh isstesid of hydr:>gsfi 
fomsmg gas asrtesls after sh« coststJ wixisiov^'s 
af« spsaed. As-nesl tcn^fjetaiursts consparabk to 
ot lower thaa the rjiirxda deposition tempomtyri; 
ptovids isss ivdgi-ado-) o;" she stored dsisrge in th« 
idlfide ii;ji. Aiso, dji; iJii^uVxe stees gm-.j-atioa 
is ioc.'d jfsd. r -^viefsdcd pr^granxsja^e tcy.'lirsg 
and tatiiitikin xidii-bllity h iroproved dccscribtrd 
in Section 4. 
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i-ig, 2 rx-^ioe stnteu?rs oi SONOS nonvolatiie 
memory tj-msistar wj& taBiiel oxide 2.0 rms, 
latrtde k>w4,S am, s»d bteJdag osxide Esm. 

We have f»bnrtte<l SDKOS tievsrs-s with N-vvell 
CMOS t&ihswlci^' .^n^ l^'COS isohtior Th? 

CMCSS icchf>ok->gv rxtqis Jat ihc iovxi ^ih-^xi i t 
thss OH* * dseS'xt: s-i s<,k 5 htr- ^ v kjt j . - < sep-^ 
sire ;oSlow, A >^< t-n^ thuk 'iit.nu .^si.- 
jprcriifti at ^(XPC sor M tsun. wsdt .srgofi-dtiule*^ 
osiyges (1% Oi sa Ar) m a asstom-dssigaed 
tdpls wall exidaisos fisrsaea foJiovsfeS by 30 nan* 
arg>oa asrnes? to reHcve the stress caused hy hi^t 
let 3Lsp!,'!<'iiuxe ixkLstion ^}ckL a 4 S x^m s-iikcm 
nHrjdtt drp<^>!Sra itt a I P!;VJ> rcjicior :or SS 
fiiiti. .It r<R<r5 wssh Jk.v r!,i«} ci SK'ijB*: 
Nil, " -.00 ;0 ^.;{,C5r!^ A ^ ^ J!?Ti U'CVD 

^5i?i,iSUn-.i!K>i! it -^'.V-C r<. *0 jsift the 
0>-n> e .'i'J ctn. iih-i Si ilnntd, a U>tT «>r 

prcHs.'... N.-t itse '^f^.tk i-i p,i?5?r!i«l css)J Use 
c<.>f5tac4 Nvjxsdc^-fts ire ,>penrd A % hour {0?o 
Dj/TS?j aji^cal is ncTtWusRxl to km.-r Use 

{nt<jrf{5C!? state density. This js ibilowed by aa 
idtiraiHum deposthoii ibt contact tssmilixstioa 
vfiih a prat-ajetsS-Mijeal fPMA) at ^OCC for 30 
ffiKSi, Jtt 10% .Dj.'Nj. For cstmparisos purposes, 
atioiJw gsoyp A-Ai!??"! ■=iTjnea]?(3 'with 105e 
Hj/Hi &f<: fabfkatal st the s-aas ksm Fsg. 2 



4. 5!EASUREIVIEN F RESULTS 
AND DISCUSSION 

Iji jJsis &«ctiv>t5, we p.fV4,-8nt ercis«,%rils, nstsxittos? 
imti mAix^si^ dectrkai diaraciedstkx^ of scsfed 
SONOS dsvicss, His tlxresisoy voltage shifis arcs 
messtirai I jta aifl«r m mse (write) pals* shst 
follows a IS s low volfesgss r«s«t pulss of reverse 
pokjrisy. All measorements are tsade at SS^C 
xsrslc-ss specified. We: ci'mpatt' iha ti.k.vf% of Jjjgh 

Tfae SONOS levies r,-^n be - -rased with a 1 !V:s 
~9V/-M0V jfijise. tlse ^ h^V wjijc or ptogrss^i 
«psratioia, the kimsl tk-r>rK Vt^M .-icross ihc 
tmmi oxide is n 8 MV/m with 9,S MV/c-m .for 
t&e ~9V eras© opeyatioji^ &t pj-cvbsjs UQHGS/ 
SONOS SK»}jsg scejjssdss that slecttic fseld 
licrossE the tsnaci oxM« »r tiitride has bseis 
njarotained msrly .x-nsiimt while Use tdph 
dielectjic Jirasjssions .v<sk'd (31 -32]. XisJng 
the c:o«staju ussjisl oxide elect? sc ficki jhsory as 

dsifer«3it apprsschs^ m hi^^ 4. For she devicfs 
wilh l.g Tim tanncl rxisfe rti^rted |yy Miossni el 
rjl. [16}, fee iajtbi dectric Held at 13V is 
ap^mamtdy lOMV/csxs, sssiarssisig ztnt stored 

If we scale the tixtnde fTOt^ 13 nro to 4,S isrt! 
£md thsckea the twiixsel ar.vJ blacking oxidscs to 
r«Asiifr:ni the Xiif3« .»«S3,j1 -k^njc field, tisen we 
b.wc a 10 tim e;frct;ve g.-stw Ji.lsctdc thkkxssss 
vvrtit 3 pjxjgtasitnwg voltage -i^^ctxru-xd to 9V. 
Howcrverr. a itBaOo-r mcxiiu-y A'sndow and easissr 
SiitMratiaR .-we obsa-ycd wth o«r sc.iled imidt 
device. A thicker Lmasl oxjde ssKd bbdsisig 
oxide eosspeasates for the hstmer lowsrmg dieot 
duts to Cotilorsjbk repijkba ia the fs;a|ed sitdde 
layer (a.^scdaSsd %'hh degx3.<t«<l retstitbsi) aod 
offers hsghly-feU.ihlr fetc?-5Jion cbsf-.-!Ct:<;ris;!iic:;-i. 
French et il {:;\ sctjcci ...tiing hUxksr.g 
<5xMe does r>->t !.".j!>--se she <,(,\'<eJ--K'xiit ; oV 
the deNjce .^j^; ^ di-u-oVi the soteivien and 

d.it.i u'e- ti>^;i .V tH tnofxosy winooxv o.fter 

1(S' .;ia«"'vr5t;«,yck'; it'^sTss ^ny^jifed 





oxitiis L83f!m^ isMrsde Ums^ blocksag oxjde 3nja- 
Dev2: tom«S oxsds! S^Oam, mhjde 4,5raji, 
blodang ox^ds 5 Jam, 




ijyclss for SCIMOS dsvke wiih ty&^el o>ii<ie 
2,&jin!, i^jtdde 4,Ssini> biockjtsg >>x«fe S.Sfim, 



5SISd ilO; 



csai^lovr 1 sfgfe ferssperdtt-re bydrogxra saisicsi5s to 
re<h!.e snterfeee top c^easjiv SfKl 3}xi<-jfo\? d^fa 

The dssmasthot v.'sjncr hK MOS^i f 

«iane&Sed xn a dmterH'«:s» «nb!e^<,t m lead i4 ihti 

Mve jacreased by an fflrdsa of tHsnnssJad? {S'^) ? 3 
aii exteasjoa of toe sfsidles. we havs sxamted 

ea%-^roH5-.v its , « I ,\ 



sidcT ot 



CT" i*!Ld for b'Srdjygca dt^ fisati wsth 

The reteattos cbiaaetmsacs of 

ix% cotittji'-t <,^th 3 J. ^ .t'>'Kini 

sriagmtsidt f<,i n o 

eras-a/svrtts cvcJes a* S^'-'C 

Stodic-v h&v i, tx ir > tfi? r ■> !ri . i i ^ ^1 s 
xsotoptc iJUeifaaal hasd«:M:.g ctlv^ct [:>6]. Tiicso; 
stisdjes suggest Uw; improved robsisijie-s of 
satesfsce states in di^Acx-htioa is aswjc.isted 
tl}« dtfrcreacs ij>i vibtisficsi xnode fix-qijeticics of 
the St-H and >ri D cQnde^is^lkmn. vibiation 
frd<i!!enry of ihe hciuHsig Awde for Si-D b<s»<l3 ss 
ciKiusid 4:v;; cm", ^vhkls k vcrj? close S;> frjs^ 
fireq»eKcy of one of ths bulk sUfcoa phonon 
HH^Je? (463 cnj CuijpSing of tjs«sc 5nod8s can 

Ujsift the dissociafeji of Si-H Ixmds. 



/ 



ucosnitna ssme&led sad hy^po^a atitiealed 
dsv)c«s. 




Fig, 7 Reteaftm chataciemtics a hyi5fos;f.n- 
ajKsea{e<f SC^NOS dewe. Compared with 
dmt(a^}\tH5~atsiigaJ«d SONOS in Fsg. J, jet(S;«3oa 
tinie is asmiy of assgmtadc shorter for 

th# ssms dcf sctton vi'mdow. 

;SONi ^S aojiYii^aMl'j ;i-!cre.>TY drtvsces e\hib{f ,i 

Wiuh i xsjs f!Ov-'' 9V pK\^rr'isi/i.>!T;;.s voH.igi'ri- 

cl-iarsctemtlcs ovi^r todiSiojiJil feydrogsn fonniKg: 

pmsvsisiag cssjdidstes for voltage, fsuHaiioH- 
hsf<i«:t3e{i, hj§fe-des5SS5y EB?K.OM*s appHeatJOsiS. 

This rccjeafch has bs.-m ^suppiSfSr-.i by !he ECS 



Orummar^, i'-.sic ih&k coalh-AiM imeres* md 
Sijppori of -.j^.ir ,'-;0|vSOS rs'jcars.h. ^:p<;c;a! Lh;n:«« 

i;j!i!v<^rsity for ihsk comr^hatinxi as;!;bt;is,ce- 
im dev3crspri>«:K:;;;ing, 
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H High reliability 

~ Charge storage In a nftnde 

P Harrow cllstHbutloii of 
tlirDsliold voltages 
obviates the need for 
a "verify" operation lo 
oiatch distribution 
widths narrowly 

H Simple device Btmc- 
ture makes clifps 
easier to manufacture 

- Expocted to be i>sable hrr jgh 

M L0W"COst embedded 
nonvolatile memory 
technology 

- lo\<s^~vrltage wrtia and cr,.5ss 
opmtlons ^chs«=vc d by the 
othot earner injecUcsl" 
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MONOS Jal^a reS««Uon < har^t $?n<!{jvs 

UUon ha<; Srf { > '^h i ^ s < i , t 

S- jgsijx: 3 vof >j«!;cs the M< 'i i »xs 1 of 

,t3 i?\!>» I, 5he MONO*' n-swv- tome* 
liwctiv fiont the siTOi-ture of ihe df^vfce 
lia tbo US» sshcoa ^ ase«J HssSistti t^tm^ 
li i% cslie<3 SQJtiOB.} hi MONOS, 
chsrgs^ i& stor&d m tcisips tm tits mtndes 
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ha. -^e I'i.t". in; ijA^ Ii--' It , 

t{ e p;a»c$;>- So v^by i<. a tim MONCXS, 
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tiim chi'Hit c<rt >tjc<<. «■? «i« «d in ihf h^sH 
savsrsKSJsaeat of osster space, Vyhcre {h«sy 
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Device with a ${mpfg Ea<«e to 
Fabn cile Structure 
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loiv-CosI Enbedded N'onvclaHle 
Memory Technoiogy 

ikd w\ih ;>n^> 'b;,- J.Uii'jon -ii i cr 3 kxj. k 

ovftr £h35 of $bs ongisssj ch>p, wcr 
CQuid cspfc.t s Iftrpi ^.rasnd for OH* asi^i 
Mil? spf^eadcm. Aj)oU>e? way <^ ftxjfc- 
kg at iMs w««!d bes Sfca* !ow-casf fttsbasi- 
dsd TsonvolasH* msrtiory technology 

tio-a tcdv.T!f>?o,«'¥ "f-xx-ific o-KampL-.s Jr.at 
wc,«j!U be p£>c-',jbk- SiscSiJdif :tscSs5ss>->n of 

camera prsjcessof FC Jha$ forrns. -ilong 
■With {h« CMOS image $?ss?>r. a cajitcia 
rsj&fSakx sa a OPS mudsslf xh^i Hit hi a 
MemoTy Stick slot, or in a CAaicxa 



liiofisS s!5ckde the jfrcsgt^xssHsabte imped- 

as5e« maSchiKg circuit us«:d in hisii-prm- 
tVA eosivettcsfs stn4 fafgh-pt«ciidoss 

pcfwer sappfl«5s and fM Jt«c<3rtjmg of das^ 

sised for cMp aiitljosticjsJios. 

Ssny Is oow stqdyiogtfee posslbilifj? of 
TSsJucmg sjie MOlV'OS wsif« and «fase 

voltages to reaJixe Jow -cost sjTiboJded 
sossvtsJatsle; aicmory technology vtsmg 
o^ily 2 or 3 adtUtional {Basks. Sony is 
aites:^u?!g to rrf-hsce the voitagee*; naquifvd 
by switching frota xss« of F-N hH-sf^el 
Cisrrsjst, vvhJch i;;q««es 12 Scs 14- V for 
write a«d ej-as«> to » sech»{q»« ihai uses 
hot cmie-js. FigsKia I i(a) shcsws ih« vt-ritc 
cha»x(cieiis5ks vsrhas ciaisscil he* eSacirasss 
sit» ase4 sssad flgese 1 i(b) sfeows this eme 
cfearacttsi^cs »$tisg hot ljo!« inje^Sios* 
Wsth 3bst)Ivsta voltages amatjd S t<i> 6 V, 
these; tfiscJsKsqass can achieve fally 



Future 

noi-5vrtb!iS« Hjeajory in a 0,18 
.S4H8 CMOS pF^xcss. We are vWrkiKg oa 
CTsaiisff aew i^^phcasifm .-nd dxp'.vt ia 
rtsltsas* p{«<Jtscls wsing tis;, -o 

Thh ornt ptfjcfss ijs a»t i\y: vnK s 
thai rsqasses cmhetli'c i nrny J.i--!- 
;ns?n«jj>' i'o scijtc fjs&s«^fu«i *i\. of 
ih\s !Vv>'Sy-dcwSt\peJ !..xhai^t i^o-sy 
$>laj>a to ajsply it in .is srs&sjj pffX-«sses i3.s 
possible. We Jhjfjk that MOKOS' 
slabitisy anti durabiHty will rsisJ:© ihss 
easy. 

Keep ymt (ryes an Sony's iovv-cost mn~ 
volatile n je«ic*jy tecteolo^. 




